Amblyopia is a common cause of reduced vision in children. The clinical diagnosis is complicated and requires consideration of the severity of vision loss relative to the characteristics of the disrupting amblyogenic factor. Added to the challenge of a thorough examination of very young children, is the weight of consequence if the amblyogenic factor is not identified and treated appropriately within clinically recommended time frames. Further, the poor visual function may be a symptom of more sinister underlying pathology impacting the visual pathway. This review presents an evidence-based, pragmatic approach to the diagnosis of amblyopia, as a means for guiding best practice for the care of children who present with reduced vision.
Amblyopia, poor vision due to abnormal vision development, is a highly prevalent condition in ophthalmic paediatric practice. 1 Usually, amblyopia is clinically defined as reduced visual acuity accompanied by one or more known amblyogenic factors, such as strabismus, anisometropia, high refractive error and cataract. 2 Three to five per cent of the population fail to develop their full visual potential in at least one eye as a consequence of poor visual experience during the critical period from sensory deprivation, significant refractive error, constant strabismus or any combination of these. [3] [4] [5] Prevalence does not depend on gender; however, modest differences may exist between races, the basis for which remains unknown. 6 Amblyopia is the main cause of poor vision up until middle age. 5 Significant functional and quality of life consequences are also reported in amblyopia, [7] [8] [9] with impairment in visuomotor control under habitual binocular viewing conditions being an important functional burden of the condition. [10] [11] [12] [13] [14] Optometrists play a fundamental role in the identification of patients with amblyopia, amblyogenic refractive error or ocular alignment anomalies. This is particularly important in children aged less than seven years when visual neurodevelopment is most vulnerable, but also most potentially viable and therefore amenable to treatment. 15 Before commencing treatment, direct diagnosis is essential and requires explicit identification of the cause of amblyopia. Further, amblyopia is also a diagnosis of exclusion -any co-existing pathology must be ruled out. Over the last 20 years there have been significant advancements in the quality of evidence pertaining to childhood amblyopia. Randomised controlled treatment trials, 16 and reviews of patients who have not been compliant with treatment 17 show that amblyopia treatment is necessary for vision to recover. 18 Most cases are amenable to treatment if detected early enough and managed appropriately; however, despite prolonged periods of treatment, 15-50 per cent of treated patients fail to achieve normal-for-age visual acuity. 2 Poorer outcomes may be from late identification and therefore missed opportunity for timely intervention, or may be from poor compliance to prescribed treatment, or may be that standard treatment is inadequate in some patients. 2 Essential to developing an appropriate tailored management plan is a full examination, correct diagnosis of amblyopia and consideration of the potential and contributing cause of interruption to normal visual neurodevelopment. A definitive diagnosis of amblyopia must be made before any treatment is started that includes identifying the cause of amblyopia and excluding any pathological explanation for vision loss. Subtle organic or structural anomalies can co-exist in patients diagnosed as amblyopia. 19, 20 While amblyopia treatment can remediate vision to some extent, 21 the organic anomaly may contribute to vision loss and dictate potential treatment success. 22, 23 Normal binocular vision development requires sensory fusion of concordant retinal images. Sensory fusion relies on oculomotor alignment of corresponding retinal regions. Manifest ocular misalignment (strabismus), unequal retinal images from uncorrected refractive error (anisometropia) or obstruction along the visual optics pathway (deprivation) can all alter visual neurodevelopment. While strabismus is the predominant factor associated with amblyopia in children less than three years of age, 24 anisometropia, either alone or in combination with strabismus, becomes an equally likely risk factor by the age of three years. 25 Anisometropia becomes the more likely risk factor, and is the cause in nearly two-thirds of amblyopic children, from five years of age.
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PART A: DEFINITION AND CLASSIFICATION OF AMBLYOPIA
Visual neurophysiology between eyes and visual cortex is immature at birth, and development may be altered if there is inadequate visual stimulation or abnormal binocular experience early in life, resulting in degraded visual function. 26 Optimal postnatal neurodevelopment of vision requires cortical integration of corresponding binocular information. The usual visual neurodevelopment does not proceed if there is a condition that interferes with binocular sensory fusion such as significant refractive error blurring the retinal image or ocular misalignment preventing bi-foveal fixation, and that condition is present early enough in life to influence neurodevelopment. 26 The predominant clinical manifestation of amblyopia is reduced resolution, usually measured as loss of visual acuity in one eye. 27 The amblyopic eye may also have poorer grating acuity, poorer vernier acuity, poorer contrast detection thresholds and altered contrast sensitivity function, the pattern of which varies between aetiology groups. 27 Binocular sensory fusion is also degraded which presents clinically as suppression or reduced stereoacuity. Ocular structures appear normal in clinical examination; however, physiological changes are measurable at the visual cortex and lateral geniculate nucleus. 28 Amblyopia is usually classified according to the presenting visual condition thought to have caused the impaired visual development. Typically this will be: (1) anisometropic, if there is significant difference in refractive error between eyes and no strabismus was present; (2) strabismic if heterotropia or micro-squint was present without anisometropia or high refractive error; (3) mixed, if both strabismus and an anisometropic refractive error co-existed; or (4) stimulus deprivation if there was some obstruction to vision during the sensitive period of visual development (this may include high refractive error). 5 The term 'isoametropic' amblyopia may be used with amblyopia secondary to bilateral high refractive error. 29 Severity is generally graded based upon acuity measure in the amblyopic eye into mild (6/9-6/21), moderate (6/24-6/48) or severe (6/60 or worse). 25 Complicating the diagnosis of neurodevelopmental amblyopia is the interaction between strabismus, amblyopia and refractive error. 6, 30, 31 For example, an eye that is constantly misaligned from an early age preventing foveal fixation will likely become amblyopic; an eye that becomes amblyopic from a media opacity such as a unilateral cataract may develop strabismus; and large refractive errors, particularly hyperopia can cause strabismus, amblyopia or both. Further, the presence of strabismus or media opacity may lead to amblyopia and/or failure of emmetropisation resulting in anisometropia ( Figure 1) . A particular diagnostic challenge is a child with poor vision in one eye and strabismus -an organic cause for the poor vision that may have then resulted in sensory strabismus must be ruled out, particularly as some organic causes such as optic atrophy may be from sinister underlying pathology.
The diagnosis of amblyopia as the cause of reduced acuity in an infant or pre-literate child is complicated by the inability to gather precise measures of visual resolution, hindered by low attention and co-operation during clinical examination. Clinical data are collected via objective assessments rather than subjective responses to stimulus tests.
This review aims to provide a concise, evidence-based, pragmatic approach to amblyopia diagnosis using similar methods to those of Downie and Keller in their work focusing on evidence-based optometric care. 32 The clinical questions that may be posed when taking a pragmatic approach (Figure 2 Figure 1 . Amblyopia aetiology factors can interrelate. High refractive error can contribute to strabismus through accommodative-convergence synkinesis, for example, accommodative esotropia secondary to high hyperopia can in turn result in amblyopia. Sensory deprivation can drive strabismus and can also influence emmetropisation and drive anisometropic refractive error. Amblyopia itself may lead to failure to emmetropise and cause anisometropia, which may lead to sensory strabismus.
Typically amblyopia is suspected when visual acuity is found to be two Snellen lines poorer than age normal (say 6/9 in a sixyear-old child) or if there is a two-line or more difference in acuity measure between eyes. Until a child is cognitively able to engage in stimulus response tasks, reduced vision is inferred from quality of fixation or looking preference behaviour. In infants, amblyopia is presumed when there is a definite fixation preference for one eye over the other, which is more easily identifiable in the presence of a strabismus. An estimate of the proportion of time each eye is used for fixation can be made if alternation is noted. The preferred eye can be briefly occluded to observe whether the non-fixing eye can be forced to take up fixation, and if so, the quality of fixation with the non-preferred eye can be noted. The length of maintained fixation following uncovering of the preferred eye can be noted, and, if the eye does maintain fixation, whether the nonpreferred eye can hold fixation through a smooth pursuit. If no strabismus is apparent then a 12 pd base-down prism can be placed before each eye (separately) and the attention of the infant is drawn to a small captivating near target. This should create vertical diplopia for the child and in the child with no fixation preference the examiner should notice a corresponding vertical shift in the eye behind the prism. The above procedure should be repeated for each eye. There will be no corresponding vertical shift in the eye behind the prism if that eye has poorer vision and possible amblyopia. The non-fixing, habitually deviating eye is presumed to be amblyopic. However, this test has a high false positive rate, such that the test appears to be more useful for predicting the absence rather than the presence of amblyopia in strabismic children. 33, 34 A number of standardised tests provide a quantified estimate of threshold acuity that can be useful in assessing infants to preschool children. The Teller acuity card test procedure provides a validated measure of grading acuity that employs the preferential looking technique to determine resolution acuity in children who cannot complete optotype testing. Generally this test will be employed in children of typical development aged less than 24 months. 35 Cardiff cards employ vanishing optotypes and a preferential looking technique that is useful for testing toddlers and children • Aim to quantify visual acuity and binocular function and compare with expected level for age.
Q2: Could any structural or pathological anomaly explain the vision loss?
• Any abnormal finding on examination of pupils, muscle motility, anterior and posterior segment requires further investigation (consider urgency of referral).
Q3: What is magnitude of refractive error -is it known to be amblyogenic?
• Anisometropia: risk greater with aniso-hyperopia, than aniso-myopia; severity of VA loss correlates with magnitude of anisometropia.
Q4: What type of strabismus is presentis it known to be amblyogenic?
• Strabismus: risk greater with esotropia than exotropia; greater with constant versus intermittent; greater with unilateral than alternating.
Q5: Is the amblyogenic factor present during critical period of development?
• The visual system is vulnerable to amblyopia-genesis up to approximately eight years of age.
Q6: Does severity of vision loss match clinical findings?
• Amblyopia and structural anomalies can co-exist. The differential contribution of each to the visual acuity loss needs to be carefully considered.
Figure 2. Pragmatic clinical decision making for amblyopia diagnosis
Pragmatic amblyopia diagnosis Webber and Camuglia with intellectual impairment who may not be able to give the responses required in optotype matching task testing. 36 Matching tasks to simple symbols, such as the apple, circle, square and house of Lea symbols, have shown valid testability in younger children and can incorporate a surround crowding feature that improves sensitivity of visual acuity loss due to amblyopia. 37 The single HOTV or Lea optotypes with surround bars is frequently employed in research clinical trial protocols, and have shown high testability in pre-school aged children. 38 These may be attempted in children aged > 24 months. [38] [39] [40] Lea optotypes are symmetrical and blur equally. They can be presented either isolated with surround bars to introduce crowding or as constant-crowding, equallogMAR increment charts similar to the Early Treatment Diabetic Retinopathy Study (EDTRS)/Bailey Lovie chart, allowing standardised administration and scoring. From around four years of age, typically developing children can complete EDTRS/Bailey-Lovie type testing to quantify visual acuity. 35, 41 Amblyopic visual acuity loss has some unique features. First is the crowding phenomenon, where use of an isolated optotype may measure higher acuity than that achieved when an optotype that has surrounding letters or contour interaction bars is used. 42 Second, amblyopic visual acuity loss is robust to neutral density illumination challenge. Visual acuity reduces by a constant amount when a neutral density filter is placed before a normal eye, while in eyes with strabismic amblyopia vision only slightly reduces or stays the same. 43 When interpreting a visual acuity measure in children, the finding requires comparison with age-expected normal value. Mean threshold visual acuity improves with age from 0.25 logMAR at 30 months to near 0.00 logMAR by 72 months. 40 Visual acuity outcomes improve with age in normal preschool children aged two to five years, therefore age-specific thresholds for defining normal monocular visual acuity in preschool children are recommended. 40 Normal visual acuity as measured by HOTV may be defined as 6/18 or better for children aged between 2.5 and three years, 6/15 or better for those aged between three and four years, 6/12 or better for aged between four and five years, and 6/9 or better for children aged between five and six years (see Table 1 adapted from Pan et al. 40 ).
BINOCULAR SENSORY FUSION/ SUPPRESSION
Binocular vision, the cortical fusion of images arising from the two eyes necessary for fine levels of stereoacuity, is commonly disrupted in amblyopia. Central suppression can be inferred by the 4Δ Base Out test, which can be used in an infant or younger child who is unable to perform a test that requires subjective response. For this test, a 4Δ Base Out prism is placed before one eye and the examiner observes whether normal binocular (version and vergence) eye movements are present. 45 These eye movements occur when the image is shifted by the prism onto a normally functioning area of the retina and will be absent if central suppression is present. 43 A number of commercially available tests of stereoacuity are available to determine sensory fusion and quantify level of stereoacuity. The Randot preschool stereoacuity test is designed to provide a quantitative measure of stereoacuity in a format that most three-to five-year-old children can successfully complete. Eighty-nine to 93 per cent of three-to five-year-old children, and 70 per cent of two-year-old children comprehend and successfully perform the test. This is significantly higher than in two other commonly used book format stereotests, the Titmus and Randot tests, which were not designed for use in the preschool age range. 46 The Lang 1 stereotest has a similar success rate to the Randot preschool stereoacuity test; however, Lang 1 provides a pass/fail outcome rather than a quantified measure of stereoacuity. Stereoacuity thresholds as measured by the Randot preschool stereoacuity test show improvements with age. Using the three-book format, mean normal stereoacuity improved from 100 arcseconds at three years of age to 60 arcseconds by five years and 40 arcseconds by seven years. The lower limit of normal was 400 arcseconds at three years, 200 arcseconds at four years and 60 arcseconds at seven years. 44 The Worth 4 Dot test may indicate the presence or absence of suppression in those who have no measurable stereoacuity. 43 Red and green light targets are viewed through red/green filters and the number and colour of the lights seen is reported. The test can be presented at both 6 m (one degree lights) and 33 cm (six degree lights). Because the tested zone is smaller at 6 m, one degree compared with six degrees, suppression might be noted at distance but not at near.
Amblyopia is diagnosed when an organic contribution has been excluded or accounted for. While amblyopia and structural anomalies can co-exist, the variable contribution of each to the visual acuity loss needs to be carefully considered. Critically, misdiagnosis of reduced acuity as amblyopia and delay in correct diagnosis and possible treatment of a sinister A thorough ocular examination at the outset is essential in a child with reduced visual acuity to identify sensory pathology that may be contributing to vision loss. In children this may not be straightforward and depends on the range and depth of testing conducted to establish the absence of a structural defect or ocular or visual system pathology, past or present. Whether there are symptoms or not, routine complete ocular examination may also identify a previously unknown pathology. Poor visual acuity may indicate important anterior segment or posterior segment eye disease or, more critically, intracranial pathology. Pupil examination, extra-ocular motility and cover testing at near and distance (with and without spectacles) and colour vision may assist with identifying optic nerve pathology and/or intracranial pathology. Childhood brain tumours (for example craniopharyngioma) will have ocular symptoms or unexplained poor vision in 30 per cent of cases at presentation and should be considered in the differential diagnosis of the child with reduced vision with no other clear cause. 47, 48 The general appearance, eyelids and adnexae, anterior and posterior segment should all be carefully considered. Early refractive error assessment and correction and vigilance for amblyopia have been recommended in children with congenital ptosis. 49 Amblyopia has been reported in 17 per cent of cases of simple congenital ptosis, and was associated with a high incidence of astigmatism, but also may be caused by form deprivation amblyopia, anisometropia and strabismus. 49 Amblyogenic corneal opacities can occur in many conditions such as infantile glaucoma, anterior segment digenesis such as Peters' anomaly, corneal dystrophies, trauma and a range of systemic conditions. 50 Using the iCare tonometer to measure intraocular pressure in children is highly successful 50 and should be performed where possible. Intervention for corneal opacities by the ophthalmologist may range from less intensive symptomatic management up to lamellar or penetrating keratoplasty with variable outcomes.
While most congenital cataracts detected by paediatricians at birth or by the six-week post-natal check do not routinely present to optometry practice, others may go unnoticed until school age or progress during early childhood. Referral to investigate causes and systemic associations is warranted. 51 Bilateral congenital cataracts are more common than unilateral, with the incidence of childhood cataract having been reported at 2.49/10,000 at one year of age, increasing to 3.46/10,000 by age 15 years. 52 The visual prognosis of bilateral incomplete cataracts correlates better with the density than the size of the cataract. If major blood vessels in the fundus cannot be distinguished through the central portion of the cataract, significant visual deprivation can be expected. 51 The need for early surgery requires assessment (generally by four-six weeks of age for unilateral cataract and by six-eight weeks of age for bilateral cataracts). Even with early surgery these patients will have ongoing intensive post-operative follow up and ongoing management of the refractive changes (contact lenses or aphakic spectacles) and/or occlusion therapy to treat amblyopia.
While patient co-operation can be difficult with children, a retinal examination through dilated pupils is fundamental. The full dilated retinal examination of the macula and peripheral retina may reveal other contributing sensory causes to poor vision, the most important being retinoblastoma. Retinoblastoma is the most common paediatric intraocular malignancy (incidence 1/ 15,000 to 1/28,000 live births) but with early detection and treatment survival approaches 97 per cent. 53 Other causes of poor vision that might be identified in the posterior pole would include a toxoplasmosis macula scarring, congenital optic nerve head anomaly, atrophy or hypoplasia. While ophthalmoscopy remains the initial technique for fundal examination, additional sophisticated imaging techniques such as fundus photography, ocular coherence tomography, fundus auto-fluorescence, wide field imaging, can assist the systematic study of intraocular structures and their disease by direct observation in vivo.
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Q3: What is the magnitude of refractive error -is it known to be amblyogenic?
Uncorrected persistent refractive error, particularly high hyperopia (> +4.00 DS), anisometropia (> 0.50 D) and astigmatism (> 1.00 DC), is associated with amblyopia, 3, 55, 56 and the risk of developing amblyopia increases with magnitude of refractive error. 6, 31, 56 Cycloplegic refraction is the gold standard testing condition for the determination of refractive error in children. This is essential when auto-refractors are employed for determination of magnitude of refractive error and when attention cannot be reliably engaged to optical infinity for retinoscopy. In addition to divulging latent hyperopia, 57 testing under cycloplegic conditions is necessary for comparison with the population studies that determine refractive error with cycloplegia. More recent population-based studies suggest an expanded range of refractive errors that should be considered as potentially contributing to amblyopia. 56 Pooling of data from population-based studies MEPEDS and BPEDS 56 has shown decreased visual acuity with relatively low levels of refractive error previously not known to be significant.
Magnitudes of anisometropic refractive error that significantly associate with unilateral amblyopia are ≥ 1.00 DS of hyperopia, ≥ 3.00 DS of myopia and ≥ 1.50 DC of astigmatism. When uncorrected, these refractive errors result in difference in retinal images that prevent sensory fusion.
Uncorrected high bilateral refractive error can result in bilateral amblyopia from pattern deprivation of constant retinal image blur images on both eyes. Magnitudes of refractive error that are significantly associated with bilateral amblyopia are hyperopia ≥ +4.00 DS, myopia ≥ −6.00 DS and ≥ 2.50 DC of astigmatism 56 (see Table 2 adapted from Tarczy-Hornoch et al. 56 ). A further consideration when evaluating the finding of refractive error in a child is the relationship between uncorrected hyperopia and accommodative esotropia. The risk of accommodative esotropia increases with magnitude of hyperopia, with significant association from as low as +2.00 DS.
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Q4: What type of strabismus is present -is it known to be amblyogenic?
82 per cent of amblyopia was associated with strabismus, five per cent with anisometropia, and 13 per cent with both strabismus and anisometropia. 24 Among those children aged less than three years with strabismic amblyopia, 62 per cent had infantile esotropia (onset < 6 months of age), 22 per cent had accommodative esotropia, 10 per cent had acquired non-accommodative esotropia (onset > 7 months of age), and six per cent had other types of strabismus. 24 Esotropia is more likely than exotropia to be associated with amblyopia. 56, 59 The MEPEDS and BPEDS population studies of children aged 6-72 months determined the likelihood of amblyopia for esotropia and exotropia. The odds of developing amblyopia were approximately 9:1 in the presence of constant esotropia. In comparison, amblyopia was rare or very mild in intermittent exotropia, the most common form of exotropia, with odds ratio (OR) for developing amblyopia of only 1.23:1. The Vision in Preschoolers study (children aged three to five years) also reported higher ORs for unilateral amblyopia with esotropia (OR 7.8) than exotropia (OR 3.1) when other risk factors were not accounted for. 55 However, the study also reported that in a multivariate analysis with adjustment of refractive error and other risk factors, esotropia and exotropia had roughly equal ORs (3.2 and 2.7, respectively). 55 Similarly, among six-yearold Australian children, esotropia was the most common strabismus that resulted in amblyopia, occurring in 61 per cent of strabismic amblyopes compared with exotropia (17 per cent) and microtropia (22 per cent). 59 In summary, the chance that the reduced acuity measured in a child is due to strabismic amblyopia appears greater if the strabismus is esotropia, rather than exotropia; however, the exact association of esotropia and exotropia with amblyopia needs further investigation in a larger study. 55 Amblyopia is not likely if there is preserved binocularity typically seen with intermittent strabismus. If fusion is present at some fixation distance, as is often the case in intermittent exotropia, then the likelihood of amblyopia as a consequence is low. Similarly, visual acuity loss is unlikely in an alternating rather than unilateral strabismus. If fixation freely alternates between eyes, as often occurs in large-angle infantile esotropia, then acuity may continue to develop; however, stereopsis may be lost due to lack of binocular fusion experience.
Q5: Is the amblyogenic factor present during the critical period of development?
The normal development of the visual system has 'critical periods' during which normal visual input is necessary for normal visual development. Neural plasticity peaks during early childhood (less than six years of age), and then diminishes. 15 This critical period does not have an abrupt end, but rather tapers off and if there is some visual interruption after that time, permanent damage is less likely. 60 Three sensitive periods within acuity have been described, each with different time courses, namely, the period of visually driven normal development, the sensitive period for damage, and sensitive period for recovery. 60 Further, different sensitive periods can be mapped out for visual functions other than acuity, such as contrast sensitivity, vernier acuity and stereoacuity. 15 While form deprivation, strabismus and anisometropia can negatively impact visual development, how they associate with amblyopia varies with age. As noted in Question 4, strabismus is the predominate factor associated with amblyopia in the first year of life, with anisometropia the main associated factor after three years of age. 2 Possibly anisometropia develops later than strabismus, or alternatively anisometropia may present early, but requires longer duration than strabismus to cause amblyopia. 2 The visual system is vulnerable to amblyopia-genesis up to approximately eight to 10 years of age. Cataract that becomes dense and central up to 10 years of age will impact letter acuity, suggesting that acuity is susceptible to damage for three to five years after the visual input necessary for normal acuity development. 15 Accurately determining the exact age of onset is not always possible for noncosmetically obvious strabismus or high refractive error; however, consideration of whether this is likely to be within the sensitive period and therefore contribute to alteration of the usual course of visual development is warranted.
Q6: Does severity of vision loss match clinical findings?
Visual loss in amblyopia varies from mild to severe. Before arriving at the conclusion that poor vision is from amblyopia, the clinician needs to evaluate the severity of vision loss, and consider whether it exceeds what might be expected in the context of the magnitude of refractive error or the type of strabismus present. Approximately 75 per cent of amblyopes will have visual acuity of 6/30 or better. 61 Severity of visual acuity and binocular function loss increases with degree of ametropia, 56 with greater rate of vision loss found in aniso-hyperopia than in aniso-myopia (see Barrett et al. 6 for an extensive review).
Prolonged abnormal visual experience during the peak critical period will result in more severe amblyopia. 62 A significant delay between onset and identification and treatment, so that there is protracted interruption to optimal visual input, will likely result in poorer post-treatment outcomes. 63 The visual impact is most severe with protracted, infantile abnormal visual experience, such as from untreated congenital cataracts. Similarly, constant unilateral early onset esotropia that occurs prior to one year of age and present for greater than six months (before surgical correction), will have a greater impact on binocular visual development than an intermittently developing alternating acquired esotropia that is first observed by a parent of a four-year-old child.
Severe visual acuity loss (< 6/30 visual acuity) is less likely with 1.00 DS than with 4.00 Childhood amblyopia frequently represents a diagnostic challenge for clinicians. Definitive collection of visual acuity and binocular function data can be precluded by age and cooperation of the child, with high reliance on observations of visual behaviour, rather than the subjective responses that older patients are able to provide with higher degrees of reliability. Similarly, the suite of ophthalmic diagnostic imaging equipment that supports astute inspection of intraocular structures are not usually applicable when examining infants and preschool children. This places a greater need for use of diagnostic cycloplegic and mydriatic agents to dilate pupils for better fundus and ocular media view with direct and indirect ophthalmoscopy and improved accuracy of objective refractive measurement by retinoscopy and auto-refractors. Added to the challenge of thorough examination, is the weight of consequence if the amblyogenic factor is not identified and treated appropriately within clinically recommended timeframes. Further, poor visual function may be a symptom of more sinister underlying pathology impacting the visual pathway.
CASE EXAMPLE ONE: AN AMBLYOPIA DIAGNOSTIC DILEMMA
A five-year-old Caucasian male presented for first full eye examination following detection of reduced vision in one eye (6/21) by the Primary School Health Nurse vision screening program at his school. There were no reported behavioural or near task avoidance behaviours that had raised suspicion with parents that vision might be poor, academic progress was sound and there was no cosmetically obvious strabismus. General health and childhood development was normal. Unaided visual acuity was RE 6/21 LE 6/6 (HOTV with surround bars). Pupil reactions and extraocular muscle motility were normal. Ocular alignment was orthophoric at both distance and near fixation. Sensory fusion was reduced with 400 arcseconds stereoacuity (Randot preschool stereoacuity test). Retinoscopy showed moderate anisometropic refractive error, with higher hyperopia in the right eye. A lenticular opacity was apparent in the retinoscopy reflex of the right eye. Examination of posterior segment showed normal optic nerve head appearance, and no abnormalities of macular or general fundus. Cycloplegic refraction was RE +3.00/ −1.00 × 90 LE +0.50 DS giving bestcorrected acuity of RE 6/18 LE 6/6.
The diagnostic dilemma posed in this case is whether the reduced acuity in the right eye is amblyopia secondary to approximately two dioptres of aniso-hyperopia, or whether the reduced acuity is from the distortion in visual pathway optics from the lens anomaly (posterior lenticonus). Anterior segment photographs show translucent lens opacity ( Figure 3A and 3B) . The impact of the opacity on retinal image quality can be inferred from the more blurred fundus image of the right eye compared with that of the left eye ( Figure 3C and 3D). What is not known is the time course of development of the lens opacity. The visual acuity loss was moderate and stereoacuity, while reduced, was present, implying later onset of the lenticular anomaly rather than congenital.
In this case, refractive error correction was prescribed for full-time wear, with view to proceed to occlusion to maximise visual potential. Referral for investigation of the lens opacity was made and arrangement for Pragmatic amblyopia diagnosis Webber and Camuglia interferometry assessment of resolution that bypasses anterior segment optics. Subsequently, lensectomy with intra-ocular lens implant was performed. Post-operative refractive error was +0.25 DS with initial post-operative visual acuity RE 6/15. This improved to 6/7.5 following three months of two hours per day occlusion of left eye prescribed to treat right eye amblyopia.
CASE EXAMPLE TWO: VIGILENCE FOR CO-EXISTING PATHOLOGY
A seven-year-old girl presented with anisometropic amblyopia (visual acuity RE 6/9.6, LE 6/19) on current treatment of spectacle correction (RE +2.75 DS, LE +6.25 DS) and patching occlusion therapy to right eye two hours per day. She had moved from interstate and was undergoing new assessment for ongoing care. On dilated pupil examination an amelanotic elevated lesion was located in the left eye in the superonasal retina ( Figure 4) . She had not previously had a dilated examination. The differential diagnosis for this lesion is broad and she was urgently referred to an ophthalmologist to exclude a retinoblastoma. The differential diagnoses included choroidal haemangioma, choroidal neovascular membrane, granuloma, and amelanotic naevus and, concerningly, amelanotic melanoma. She is currently undergoing regular monitoring of this lesion (considered to be an amelanotic naevus) and continues to wear spectacles and have occlusion therapy for her amblyopia. This case raises the importance of the need for a fully dilated pupil fundus examination for potentially life-threatening pathology (unrelated to her primary problem of anisometropic amblyopia).
CONCLUSIONS
A positive diagnosis of amblyopia must be made before any treatment is started. In making the diagnosis, the optometrist must consider direct diagnosis (via the characteristics of visual function pathognomonic for amblyopia, and via explicit identification of the amblyogenic factor), but also realise that amblyopia is also a diagnosis of exclusion -any co-existing pathology must be ruled out. The amblyogenic condition must be present during the critical period of vision development (≤ six years of age) and have presentation characteristics that would result in the severity of visual acuity loss identified.
